SYNOPSIS Vibration of the masseter and temporalis muscles in normal human adult subjects elicits a tonic vibration reflex with unexpected features. The electromyographic response is not asynchronous as in the limb muscles, but involves well-defined spikes with a one-to-one temporal relation to the vibration cycles. The effect of various parameters such as muscle stretch, vibration frequency or amplitude, etc, has been investigated. The small latency fluctuation of the vibrationinduced spikes is compatible with a monosynaptic reflex mechanism which is considered to be assisted by a polysynaptic facilitatory background of proprioceptive origin.
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Current studies of the tonic vibration reflex (TVR) elicited in limb muscles by sinusoidal vibration of the muscle tendon either in man (Eklund and Hagbarth, 1966; de Gail et al., 1966; Rushworth and Young, 1966; Marsden et al., 1969; Hagbarth, 1973; Lance et al., 1973) or in the cat (Matthews, 1966) have emphasized the desynchronized nature and the progressive recruitment of the concomitant electromyographic activities. These features led to the proposal that the TVR involved primarily polysynaptic reflex pathways (Hagbarth, 1973; Lance et al., 1973) . The depression of the TVR by barbiturates and other drugs in doses which do not seem to affect the monosynaptic reflexes elicited in the same muscles by a tendon tap (de Gail et al., 1966) appeared to be in line with such an interpretation. Another indirect argument which has been used is the depression of the TVR at levels below a spinal transection in muscles which produce brisk tendon jerks (de Gail et al., 1966) . This explanation does not seem to be supported by our finding that jaw vibration in the normal adult man regularly elicited electromyographic (EMG) potentials synchronized with the vibration cycles. These and other results would indeed suggest that the TVR of the masseter muscle involves both a mono- (Accepted 15 August 1974.) 161 synaptic reflex pathway and a polysynaptic supraspinal facilitatory process.
METHODS
Sixteen normal unpaid volunteers of both sexes between 20 and 26 years old, were studied. They were free of any symptom or sign of neurological disease. The subjects received no sedation or drug. They were all physically fit and had given informed consent for the procedures, which they subsequently described as rather mild and quite acceptable. A number of subjects were tested several times.
The subjects were seated in an easy chair with the head resting against a sturdy metal frame padded with soft rubber and rigidly fixed on the chair. Two strong elastic bands strapped respectively around the forehead and the mandible (between chin and lower lip) prevented any movement of the head in its receptacle. (Desmedt, 1973) placed on the chin which provided the electrical trigger pulse starting the sweep of the oscilloscope.
RESULTS
Sinusoidal vibration at about 80 Hz applied to the chin as described above regularly elicited rhythmic electromyographic spike potentials at the vibration frequency in the masseter and temporalis muscles of both sides (Fig. 1) 
ion of the size of the successive vibrationinduced spikes was observed throughout the test. When the motor was switched off the spikes rapidly declined and there was no rhythmic afterdischarge, as if each spike had indeed been related to one vibration cycle (Fig. 2, D) . When the vibrator was placed on the zygomatic bone rather than on the chin, it was possible to have the jaw freely hanging with relaxed masticatory muscles. When a zygomatic vibration was initiated under such isotonic conditions rhythmic EMG spikes were initiated in the ipsilateral muscles, the voltage of the spikes being larger in the temporalis muscle than in the masseter muscle. The masseter and temporalis muscles contralateral to the zygomatic vibration remained inactive. The ipsilateral recruiting activity resulted in a progressive closure of the initially relaxed jaw. The mean voltage of 30 consecutive spikes during steady state remained smaller for the zygomatic vibration (Fig. 3, B ) than for the chin vibrations (Fig. 3, A) , the latter involving a slight continuous stretching of the masticatory muscles by the rubber band (see (Fig. 4, A-D) . The data for a typical subject are plotted in Fig. 4 When this straight line is extrapolated downwards it appears that the voltage of the vibrationinduced spikes would become zero for a frequency of 12.5 Hz in this instance.
On the other hand, for frequencies above about 90 Hz the mean voltage of the EMG spikes decreased with the frequency (Fig. 5, A-D (Fig. 5, B) . The alternation pattern sometimes occurred intermittently at some critical frequency in the range considered. In Fig. 5 , E, a series of spikes of roughly comparable size changed for a brief episode into a sequence of spikes with a marked alternation in voltage. Later in the same vibration test (Fig. 5, F) as that found for the masseter tendon reflex elicited by a mechanical tap on the chin (Fig. 7, B) . Figure 8 
DISCUSSION
It has not been appreciated hitherto that the tonic vibration reflex (TVR) of the masseter and temporalis muscles elicited by sinusoidal vibration of the jaw involves synchronized muscle spike discharges with a one-to-one relation to the vibration cycles (Figs 1, 2 ). This pattern of electromyographic response which is not seen for the TVR in human limb muscles under similar conditions (Hagbarth, 1973; Lance et al., 1973) undergoes quite consistent changes when the vibration parameters are modified experimentally.
A well-known feature of the TVR in limb muscles is the progressive recruitment of the asynchronous electromyographic activity (Eklund and Hagbarth, 1966) . In the temporalis and masseter muscles such recruitment after onset of a maintained vibration indeed develops over a period of several seconds but it involves only the voltage of the synchronized muscle spikes (Fig. 2) . Throughout the vibration test (except for the first few cycles) there is one spike for each vibration cycle. Little after-discharge is recorded when the vibration is discontinued. The rate of recruitment-and indeed the subsequent mean voltage of the muscle spikes during steady state vibration-are increased by a moderate stretch of the muscles. A slight voluntary contraction of the muscles also potentiates the TVR. We did not record the mechanical force produced by the TVR but the pattern of spikes in the TVR was analysed in detail. A linear relation was found between the frequency of jaw vibration between about 20 and 80 Hz and the mean voltage of the spikes recorded after the recruitment phase during steady state TVR (Fig. 4) . Extrapolation of the straight line would suggest that there is a liminal frequency, about 12 Hz in this example, for eliciting the TVR as indeed found in the cat (Matthews, 1966 voltage of the spikes increases with the amplitude of the jaw vibration up to a maximum which depends on the chosen frequency (Fig. 5) . For all the parametric sets investigated, and provided the vibration frequency did not exceed about 180 Hz, the muscle spikes maintained a one-to-one relation to the vibration cycle and only the size of the spikes was changed. Random fluctuations of the voltage of successive spikes were observed in all the TVR (Figs 1, 2, 4 , 5, and 6).
The unusual features of the masseter and temporalis muscles TVR and the remarkable temporal relation between the electromyographic spikes and the vibration cycles raise interesting problems. Experiments on the cat have shown that sinusoidal vibration is a powerful stimulus for spindle afferent nerve fibres and particularly for the large-diameter 'a fibres which follow vibration with one spike for each cycle up to frequencies of 400 Hz (Granit and Henatsch, 1956; Crowe and Matthews, 1964; Matthews, 1966 Matthews, , 1973 . Rhythmical oscillations of the membrane potential have been recorded with intracellular microelectrodes in the spinal motoneurones of the cat during vibration of the corresponding muscles (Westbury, 1972) . In these animal experiments the motoneurone depolarization was also larger for vibrations of increased amplitude, while static stretch of the vibrated muscle disclosed summation of the depolarizations evoked by both stretch and vibration stimuli (Westbury, 1972) . There would seem to be some basis for saying that vibration-induced activity in the large spindle afferent fibres could indeed exert a rather direct effect with preserved temporal patterning onto the membrane potential of the corresponding motoneurones. Along this line an obvious question arising is whether the vibration-induced muscle spikes do have a rather strict temporal relation to the vibration cycles. This was tested by comparing on fast oscilloscope sweeps the latency jitters of the masseter tendon reflex and of the vibration-induced spikes respectively (Fig. 7) . The data leave no doubt that, even when the voltage of the vibration spikes fluctuates within a wide range, their latency with respect to an arbitrary point in the vibration cycle remains quite stable. There is in fact little, if any, difference between the latency jitters of the masseter tendon reflex (supposed to be monosynaptic) and of the vibration-induced spikes (Fig. 8) . The standard deviation of these latencies is about 0.45 ms which is only twice the standard deviation of the latency fluctuations of the masseter H-reflex (Godaux and Desmedt, 1975) and of the soleus H-reflex (Trontelj, 1972 . It is indeed not unexpected that monosynaptic reflexes involving the same pathway should have a slightly larger latency jitter when elicited by tendon taps than by direct electrical stimulation of the spindle afferent nerve fibres.
The present evidence is definitely compatible with the suggestion that monosynaptic activation of masseter motoneurones by spindle 'a afferent fibres plays a significant role in the TVR. We do not wish to imply that monosynaptic excitation would provide the sole mechanism for the masseter TVR. The slowly progressive recruitment of the electromyographic spikes at the beginning of the TVR (Fig. 2) would suggest that the masseter motoneurones are submitted to an additional facilitatory influence which is more insecure and less straightforward in nature than the monosynaptic excitation. As a working hypothesis it is proposed that a polysynaptic pathway activated by the spindle afferent fibres represents a necessary component of the masseter TVR, in addition to the predominant but insufficient monosynaptic activation. The polysynaptic pathway could presumably be viewed at least partly as supraspinal if the features such as the differential susceptibility to barbiturates and to spinal lesions (as compared with the tendon jerk) shown for the limb muscles TVR (de Gail et al., 1966) The proposed model for the masseter TVR thus postulates a major role for the monosynaptic reflex pathway and a superimposed facilitatory effect of a polysynaptic pathway, the temporal patterning of the vibration-induced spikes being related to monosynaptic activation because of the remarkably small latency jitter recorded (Figs 7, 8) . We do not think that the processes involved in TVR are fundamentally different in the limb muscles in spite of the asynchrony of the TVR electromyographic response in those muscles. Several recent papers have emphasized that activation of spindle afferent fibres in limb muscles by vibration elicits a presynaptic inhibitory effect involving these same afferent fibres, thereby reducing the proprioceptive input from the vibrated muscles (Lance et al., 1968; Gillies et al., 1969; Barnes and Pompeiano, 1970; Burke and Ashley, 1972; Delwaide, 1973; Lance et al., 1973) . This inhibitory effect on primary spindle afferent fibres might account for a reduced monosynaptic driving of the limb muscles motoneurones during muscle vibration, thus leaving a major share of the TVR activation in these muscles dependent on the polysynaptic reflex component discussed above. However, as shown in a recent study (Godaux and Desmedt, 1975) , the situation is quite different for the masseter muscle whose tendon jerks were shown to be facilitated, not depressed, by jaw vibration. The virtual absence of any depression in the masseter monosynaptic circuit during vibration appears to be related to the lack of reciprocal inhibitory effect arising from jaw opening muscles (Godaux and Desmedt, 1975) and this would obviously allow a stronger monosynaptic excitation of the masseter motoneurones by proprioceptive afferent volleys synchronized with the vibration cycles. Thus the relative contributions of the postulated polysynaptic and monosynaptic mechanisms in eliciting and maintaining the TVR would be biased in favour of the latter mechanism in the case of the masseter and temporalis muscles with their special brain-stem reflex organization. 
